Objective: To estimate the incremental costs associated with sepsis as a complication of general surgery, controlling for patient risk factors that may affect costs (eg, surgical complexity and comorbidity) and hospitallevel variation in costs.
S
EPSIS CAN DEVELOP AS A REsult of bacterial, viral, or fungal infection and can arise from infections as common as urinary tract infection and skin infection. Severe sepsis, which occurs when sepsis is accompanied by organ failure, is a serious infection with extremely high rates of death; roughly 30% of patients die within 1 month of diagnosis and 50% die within 6 months. 1, 2 Moreover, treatment that is not comprehensive may leave the patient vulnerable to ancillary insults, such as kidney failure or depressed heart rate. Postoperative complications account for approximately 30% of inpatient cases of severe sepsis. 3 Costs associated with treating sepsis can be substantial and increase significantly as dysfunction develops in vital organs. Estimates of the cost of treating sepsis vary significantly, from $10 500 to more than $40 000 per case across studies that vary by patient inclusion criteria, country, and year of study. 2, [4] [5] [6] [7] To our knowledge, no study has specifically examined the incremental cost associated with sepsis as a complication of general surgery. As health care costs continue to climb, creating a "business case for quality" has become a mantra for sustaining quality improvement efforts. 8, 9 Reducing the incidence of postsurgical sepsis represents a particularly fertile area around which a business case for quality can be made.
This study estimated the incremental costs associated with sepsis as a complication of inpatient general surgery in 118 acute care Veterans Health Affairs (VHA) hospitals, controlling for patient risk factors that may affect costs (eg, surgical complexity and comorbidity) and hospital-level variation in costs. In addition, the increase in costs with complications that co-occur with sepsis was estimated. Patient-level costs were estimated using data available through the VHA Decision Support System (DSS), and patient risk factors and postoperative complications were identified in data from the Veterans Affairs Surgical Quality Improvement Program (VASQIP). This study was reviewed and approved by the University of Iowa and Iowa City Veterans Affairs (VA) Medical Center institutional review boards.
METHODS

DATA SOURCES
The VASQIP has been used to evaluate preoperative and intraoperative factors affecting patient outcomes in at least 128 peerreviewed publications since its inception in 1994. 10 The VASQIP collects a wide range of preoperative risk factors, information about the operative procedures and anesthesia, and postoperative complications and mortality. 11 Data are abstracted from each VA medical center for patients undergoing operations under general, spinal, or epidural anesthesia in VA hospitals; standard definitions are used to ensure data reliability.
For the present study, costs of care were identified using patientlevel data from the VHA DSS. In the DSS costing algorithm, costs associated with intermediate products provided during inpatient and outpatient encounters (eg, intensive care unit days of care, radiology tests, and blood products) are based on relative resource units (RRUs), which are assigned to each product by departmental managers. Relative resource units represent the relative costs of the resources required to produce a given intermediate product. Relative resource units are generated using a standard set of weights derived nationally, which are then provided to each facility's departmental managers for modification to reflect local factors. The use of RRUs is an advantage of the VHA DSS system, for, unlike hospital charges, RRUs explicitly represent the relative cost of producing different patient care products.
To calculate the costs of patient encounters, departmental costs per RRU are estimated and multiplied by the RRU assigned to the intermediate product to determine the product's cost; thus, the cost of producing an intermediate product is exactly proportional to the RRUs assigned to it. Costs are then aggregated to determine the total costs associated with each patient encounter. Overhead costs associated with nonpatient care departments (ie, security and administration) are distributed to patient care departments and then to intermediate products using a step-down method based on the square feet of space of the patient care department.
PATIENTS
Operations performed by general surgeons in VA hospital inpatient settings during fiscal year 2006 (October 1, 2005, through September 30, 2006) were identified in VASQIP data (N=16 360). Operations were excluded if they were preceded within 30 days by another operation (n=908); if they had diagnosis related group codes 452 or 453, representing complications of previous treatment (n = 37); if any of the patient's demographic or preoperative comorbidity indicators were missing (n=205); or if the cost associated with the operation was a statistical outlier, defined as exceeding ±3 SDs from the mean cost (n = 109). In addition, patients with preoperative sepsis (n=1209) and patients who died on the same day as the operation (n=14) were excluded because postoperative sepsis is unlikely to be detected within 12 hours of the operation. The final sample included 13 878 patients who underwent general surgery in 118 VA hospitals during fiscal year 2006.
DATA ELEMENTS
The study end point included total costs associated with the index admission and all subsequent readmissions within 30 days of discharge. Sepsis included severe sepsis and septic shock within 30 days after surgery. In the VASQIP, sepsis is defined as definitive evidence of infection plus evidence of a systemic response to infection, which is manifested by 2 or more of the following conditions: temperature greater than 38°C or less than 36°C; heart rate greater than 90/min, respiratory rate greater than 20/min, or PaCO 2 less than 32 mm Hg (Ͻ4.3 kPa); white blood cell (WBC) count less than 12 000/µL, less than 4000/ µL, or less than 10% immature (band) forms. (To convert WBC count to cells ϫ10 9 per liter, multiply by 0.001.) In addition, the presence of septic shock is recorded if the patient meets the criteria for sepsis as well as hypotension with adequate fluid resuscitation combined with perfusion abnormalities that may include, but are not limited to, lactic acidosis or oliguria.
Additional patient characteristics were identified in the VASQIP data and administrative databases available through the VA Austin Automation Center, Austin, Texas. Patient sociodemographic factors included age, sex, race, marital status, and means category. The means category was designated as "service connected," "indigent," and all other. (Service-connected veterans are eligible for VA services on the basis of a serviceconnected disability; indigent veterans are those who qualify for VA services on the basis of a low income threshold.) Surgical complexity was assessed by work relative value units associated with the primary Current Procedural Terminology (CPT) code for the operation, type of operation (divided into 21 categories based on primary CPT code), and presence of a secondary CPT code concurrent with the primary operation.
Patient comorbidity was reflected in the multivariable models as indicators for specific preoperative conditions (eg, diabetes mellitus, myocardial infarction, hypertension, angina, congestive heart failure, weight loss, bleeding disorder, and chronic obstructive pulmonary disease). Other risk factors included preoperative wound classification (clean, clean/ contaminated, contaminated, or infected), smoking status (current vs not current), functional status (independent, partially dependent, or totally dependent), American Society of Anesthesiology Physical Status class (healthy, mild disease, severe, or life-threatening/moribund), and an indicator for an emergency operation. Finally, preoperative laboratory values included serum urea nitrogen (SUN) and albumin levels and WBC count. Albumin level was included as a continuous variable, whereas the SUN levels and the WBC count were categorized to reflect the nonlinear association of those laboratory test results with costs. Laboratory values were missing for a substantial portion of patients (4.9% for SUN level, 16.0% for albumin level, and 1.4% for WBC count), and 2628 patients (18.9%) had 1 or more (but not all) missing laboratory variables. Multiple imputation was used to impute laboratory values when missing. All analyses were run with and without the imputed laboratory values.
STATISTICAL ANALYSES
Unadjusted costs for patients with and without postoperative sepsis were compared using a Wilcoxon rank sum test. Subsequently, risk-adjusted costs were estimated for patients with and without postoperative sepsis using a multivariable risk ad-justment model developed by a multistep process. First, previous studies based on VASQIP data [12] [13] [14] [15] were reviewed to identify important risk factors and methods of analysis. Second, bivariate relationships between log-transformed costs and individual patient risk factors were examined using the 2-tailed independent samples t test for risk factors measured as dichotomous variables and analysis of variance for risk factors measured as ordinal or continuous variables. Third, correlation among candidate variables was evaluated, and redundant collinear variables were eliminated. Fourth, candidate variables that were significantly related (PϽ.01) to costs were considered candidate variables for inclusion in multivariable models and were subsequently entered into generalized regression models with stepwise elimination. Fifth, selected variables were inspected for consistency with clinical expectation and previous literature based on analyses of VASQIP. The final model was generated as a generalized linear model with gammadistributed errors and a log-link function to account for the skew of costs and included fixed effects for VA hospitals to account for hospital-level variations in costs.
The presence of sepsis was initially reflected in the multivariable model as a single indicator variable for patients who developed postoperative sepsis, including severe sepsis or septic shock. The exponentiated coefficient associated with the sepsis indicator represents the incremental change in costs for patients with sepsis relative to patients without sepsis. Riskadjusted costs for patients with and without postoperative sepsis were also estimated from the model and based on characteristics of the average patient undergoing general surgery. A subsequent model evaluated costs associated with severe sepsis and septic shock separately. Finally, the effect on costs of other complications that occur concurrently with sepsis was investigated among the 564 patients with postoperative sepsis.
RESULTS
In all, 564 of the 13 878 general surgery patients developed postoperative sepsis, for a rate of 4.1%. Of those, 365 had severe sepsis and 199 had septic shock. Mean (SD) operative times were 3.09 (2.31) and 2.29 (1.67) hours for patients with and without sepsis, respectively. Overall, the sepsis rate increased with age, from 2.3% for patients younger than 55 years to 6.1% for patients 85 years or older ( Table 1) . The sepsis rate varied significantly by type of surgery and was generally high for procedures involving the stomach (8.0%), the pancreas (13.5%), rectum repair (8.6%), and total colon removal (8.3%) and for other intestine operations (10.2%). Other patient characteristics associated with increased likelihood of sepsis included moderate to severe dyspnea, American Society of Anesthesiology class indicating a moribund patient, and preoperative presence of diabetes mellitus, weight loss, bleeding disorder, wound infection, blood transfusion, pneumonia, chronic obstructive pulmonary disease, acute renal failure, or current receipt of dialysis, and being ventilator dependent within 48 hours before the operation. The patient's WBC count and levels of SUN and albumin were also significantly related to postoperative sepsis. The likelihood of developing postoperative sepsis increased steadily from roughly 3.0% for patients with a SUN level of 15 mg/dL or less (to convert SUN to millimoles per liter, multiply by 0.357) to 9.4% for patients with a SUN level of 30 mg/dL or higher and was 9.3% for patients with a WBC count of 20/µL or greater. The mean (SD) albumin level was also signifi- 
]).
The average unadjusted cost for patients with no sepsis was $24 923, whereas the average cost for the 564 patients who experienced sepsis was 3.6 times higher at $88 747 ( Table 2) . The cost for patients with septic shock was approximately $6300 higher than the cost for patients with severe sepsis ($92 829 vs $86 522). Sepsis often co-occurred with other types of complications, most frequently with failure to wean the patient from mechanical ventilation after 48 hours (35.8%), postoperative pneumonia (30.9%), reintubation for respiratory or cardiac failure (28.7%), and urinary tract infection (18.8%). Unadjusted costs associated with sepsis were highest when they occurred in conjunction with deep vein thrombosis ($134 162), failure to wean the patient from mechanical ventilation after 48 hours ($124 895), wound dehiscence ($121 801), and pneumonia ($115 182).
The 25 variables shown in Table 1 
COMMENT
This study estimated costs associated with postoperative sepsis in a nationally representative sample of general surgery patients in VA hospitals. Results suggest a greater than 2-fold increase in costs associated with postoperative sepsis compared with costs for other patients after controlling for differences in preoperative risk. Sepsis was most costly when it co-occurred with failure to wean the patient from mechanical ventilation after 48 hours.
A few previous studies 2,4-7 have attempted to estimate costs of inpatient sepsis. However, estimates vary widely, likely because of the varying cost structures in the countries where the studies were conducted, varying patient inclusion criteria, or inconsistent methods for estimating costs. To our knowledge, this is the first study to directly estimate the incremental costs associated with sepsis among patients undergoing inpatient surgery. Costs in this study were specifically assigned to reflect individual patient encounters and to provide an accurate assessment of patient resource use. Given the extremely high mortality rates (approaching 30% within 1 month) for severe sepsis and septic shock, a primary reason to avoid postoperative sepsis may be to reduce mortality and improve subsequent quality of life. Toward that end, protocols for reducing postoperative infections have been published. For example, the Surgical Infection Prevention (SIP) system provides guidelines for administering prophylactic antibiotics within 1 hour before operating to reduce postoperative infection. (The VA implemented SIP guidelines prior to fiscal year 2006; data on SIP implementation are now available publicly [http://www .hospitalcompare.va.gov/]). Although the SIP protocols may dramatically decrease the occurrence of infections, 16 they do not specifically address severe sepsis. Interventions that specifically target sepsis generally promote early identification and prompt treatment, which are important factors in achieving good outcomes after sepsis. For example, one protocol specific to sepsis is the Surviving Sepsis Campaign, 17 which provides guidelines for early identification and treatment of sepsis. Despite widespread dissemination of the Surviving Sepsis Campaign, less than 30% of all inpatients with severe sepsis receive the recommended care. 18 Evidence suggests that adherence to the recommended sepsis treatment protocol may reduce mortality for some patients with severe sepsis, [19] [20] [21] [22] although the effect on postoperative sepsis specifically has not been Abbreviations: DVT, deep vein thrombosis; PRBC, packed red blood cells. a P values are based on a 2-tailed independent samples t test for the difference in the log of costs. P value for the difference between all patients with postoperative sepsis and no sepsis is based on 13 878 total patients. P values for the subset of patients with sepsis reflects the difference in cost between patients with and without a particular concurrent complication (eg, wound dehiscence) and are based on the 564 patients with postoperative sepsis.
b Indicates the denominator for all subsequent percentages.
evaluated. Another intervention 23 used mandatory postoperative sepsis screening in the intensive care unit to reduce sepsis-related deaths among general surgery patients by 33%.
Finally, we note that several studies have found a relationship between postoperative complication rates and hospital staffing. For example, Pronovost et al 24 found lower rates of severe complications after abdominal aortic operations at hospitals with daily rounds by an intensivist compared with hospitals that did not use daily rounds. Similarly, other studies [25] [26] [27] have found that hospitals with higher nurse staffing ratios and more highly educated nurses providing care after high-risk surgery have lower morbidity and resource utilization compared with other hospitals. These studies do not directly indicate that staffing levels affect the rate of postoperative sepsis. Nevertheless, they do suggest that hospital administrators may want to consider whether a business case exists for higher staffing levels. 28 While the studies mentioned indicate that multiple interventions have potential to reduce the impact of sepsis and improve outcomes, the effect on costs associated with sepsis care was not evaluated. If the improved outcomes are also associated with lower resource utilization, it may be possible to establish a business case for their implementation. Moreover, a large proportion of patients with sepsis have other complications as well, and addressing complications that co-occur with sepsis may also reduce costs. For example, respiratory complications were present in more than one-third of the patients with sepsis in our data, and lung expansion maneuvers (eg, deep breathing exercises and continuous positive airway pressure) have been shown to reduce respiratory complications after surgical operations. 29 There are more than 25 000 inpatient general surgical procedures performed in VA hospitals annually, meaning that reducing postoperative sepsis by even a small fraction could result in a large cost savings. Using the estimated absolute difference in costs for the average patient of $27 000, we estimated the total savings that would be realized for a hospital performing an average number of general surgical procedures annually (roughly 210 are performed annually in VA hospitals) if sepsis rates were reduced by 10% or 15%. Assuming a baseline sepsis rate of 4.1%, an average hospital spends $230 000 annually on postoperative sepsis for general surgery patients; a 10% drop in the sepsis rate would result in a savings of $23 000 at a single hospital, while a 15% drop would save $35 000. Across the entire VA hospital system, a 10% and 15% drop in sepsis rates after general surgery would save nearly $2.8 million and $4.1 million, respectively. Nationally, rates of postoperative sepsis (including septic shock) among general surgery patients have been estimated at 3.9%. 30 With approximately 4 million general surgical procedures performed in US hospitals annually, 31 a 10% reduction in postoperative sepsis could save more than $421 million.
This study has some limitations. First, there is variation across VA hospitals in the estimation of costs. Cost estimates are derived from a standard set of RRU weights derived nationally, although departmental managers within facilities have some discretion in how costs for personnel, supplies, and equipment are allocated to reflect local factors. Our models included fixed coefficients for hospitals; the use of fixed coefficients controlled for unobservable factors that may affect variation in costs across hospitals. Second, results may not be generalized to the private sector. Although complication rates in the VA and private sector are comparable, 32, 33 cost structures may differ in private sector hospitals, and private sector hospital costs do not include most physician services. Third, our analyses do not reflect other costs to society, such as lost wages for the patient and patient's family due to prolonged hospital stay, disability compensation if the complication results in long-term dysfunction, and opportunity costs to the hospital. Opportunity costs occur when the use of available bed-days for a patient with sepsis means that another patient is denied a hospital bed or diverted to another hospital for care. For private sector hospitals, this may mean the loss of additional patient revenues, whereas for VA hospitals the diversion likely results in a fee-based admission to a private sector hospital. Fourth, as with any investigation that relies on observational data, unmeasured confounders may produce misleading results. In our study, preexisting differences between patients who did and did not develop sepsis were controlled using multivariable risk-adjustment models. Thus, a patient with multiple conditions that are difficult to treat would likely cost more than a patient without such conditions, even without sepsis. Nevertheless, the VASQIP data used for this study contain a rich array of patient laboratory test results, clinical status, and comorbid conditions that reduce the likelihood that the results are biased owing to unmeasured risk. Fifth, the assumption of a direct relationship between the rate of postoperative sepsis and costs may not be valid. Any reduction in postoperative sepsis is not likely to affect certain costs, such as equipment, personnel, and facilities, in the short-term. Finally, identification of sepsis is subject to nuances that we are unable to address. For example, multiple nonseptic conditions (eg, diabetes mellitus and human immunodeficiency virus) can cause inadequate oxygen delivery and lead to lactic acidosis. 34 A patient with one of these conditions and associated bacteremia may or may not be considered septic.
Achieving meaningful reductions in complications of surgery requires sustained institutional commitment to encourage quality improvement efforts that bring together surgeons, anesthesiologists, nurses, and other individuals in the surgical process. This study documents that, although time consuming and often expensive, successful efforts to reduce postoperative sepsis may result in substantial cost savings. The number of severe sepsis cases is expected to grow at a rate of 1.5% per annum, partly as a result of the growing use of invasive procedures. 2 Hospitals that adopt and refine existing protocols to prevent postoperative infection and to treat postoperative infection and sepsis may avoid the expense of treating this serious and life-threatening illness.
